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step 0: 491915 Total NS-RCT's 
step 1: 488943 Include: First NS-RCT per patient/tooth 
step 2: 476479 Include: Permanent teeth numbers 1-32 
































Tooth	location	 	 	 	 <.001	 Chi-	squared							Anterior	 75585	(17.2%)	 14230	(10.3%)	 61355	(20.5%)	 	 							Pre-molar	 121820	(27.8%)	 25220	(18.2%)	 96600	(32.2%)	 	 							Molar	 241082	(55.0%)	 99205	(71.5%)	 141877	(47.3%)	 	 	
Age	at	NSRCT	 	 	 	 <.001	 T-test							Mean	(SD)	 44.7	(14.1)	 46.4	(14.0)	 43.9	(14.0)	 	 							Median								[Min,	Max]	 46.0	[0.0,	99.0]	 48.0	[0.0,	99.0]	 45.0	[1.0,	96.0]	 	 							Freq	Missing	 0	 0	 0	 	 	
Age	at	NSRCT	 	 	 	 <.001	 Chi-	squared							0-17	 16123	(3.7%)	 5060	(3.6%)	 11063	(3.7%)	 	 							18-35	 99319	(22.7%)	 24903	(18.0%)	 74416	(24.8%)	 	 							36-53	 194831	(44.4%)	 61790	(44.6%)	 133041	(44.4%)	 	 							54-71	 121121	(27.6%)	 44159	(31.8%)	 76962	(25.7%)	 	 							71+	 7093	(1.6%)	 2743	(2.0%)	 4350	(1.5%)	 	 	
Core/post		
within	90	days	 	 	 	 <.001	 Chi-	squared	No	core/post		within	90	days	 161876	(36.9%)	 58706	(42.3%)	 103170	(34.4%)	 	 	Core/post		within	90	days	 276611	(63.1%)	 79949	(57.7%)	 196662	(65.6%)	 	 	
Crown	within		


















	 Survival	 N	events	 N	at	risk	
Anterior			0	year	 —	 —	 75585			1	year	 98.54%	[98.45%,	98.63%]	 945	 56220			3	year	 94.94%	[94.74%,	95.14%]	 1585	 31702			5	year	 91.50%	[91.21%,	91.80%]	 878	 17730			10	year	 83.28%	[82.61%,	83.95%]	 823	 2792	
Pre-molar			0	year	 —	 —	 121820			1	year	 98.38%	[98.31%,	98.46%]	 1701	 90825			3	year	 94.83%	[94.67%,	94.98%]	 2576	 52301			5	year	 91.39%	[91.16%,	91.62%]	 1493	 29985			10	year	 83.74%	[83.25%,	84.23%]	 1330	 5267	

























	 Survival	 N	events	 N	at	risk	
Endodontist			0	year	 —	 —	 138655			1	year	 98.25%	[98.18%,	98.33%]	 2106	 102940			3	year	 94.90%	[94.75%,	95.04%]	 2727	 57481			5	year	 91.84%	[91.63%,	92.05%]	 1428	 32193			10	year	 84.94%	[84.46%,	85.41%]	 1197	 5115	
Other	provider			0	year	 —	 —	 299832			1	year	 98.16%	[98.11%,	98.21%]	 4783	 223432			3	year	 94.14%	[94.04%,	94.25%]	 7157	 128485			5	year	 90.38%	[90.22%,	90.53%]	 4026	 73094			10	year	 81.93%	[81.61%,	82.26%]	 3651	 12647	
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	 						Survival	 N	events	 N	at	risk	0-17			0	year	 —	 —	 16123			1	year	 99.05%	[98.89%,	99.21%]	 133	 12423			3	year	 96.36%	[96.00%,	96.72%]	 260	 7009			5	year	 94.04%	[93.51%,	94.58%]	 129	 3604			10	year	 89.36%	[88.02%,	90.72%]	 90	 310	
18-35			0	year	 —	 —	 99319			1	year	 98.54%	[98.46%,	98.63%]	 1183	 67316			3	year	 95.06%	[94.88%,	95.25%]	 1730	 33262			5	year	 91.94%	[91.66%,	92.22%]	 814	 17270			10	year	 85.13%	[84.50%,	85.77%]	 633	 2720	
36-53			0	year	 —	 —	 194831			1	year	 98.17%	[98.11%,	98.23%]	 3165	 150587			3	year	 94.60%	[94.48%,	94.72%]	 4420	 92999			5	year	 91.24%	[91.06%,	91.41%]	 2673	 56814			10	year	 83.38%	[83.03%,	83.73%]	 2728	 11499	
54-71			0	year	 —	 —	 121121			1	year	 97.89%	[97.80%,	97.98%]	 2223	 90643			3	year	 93.40%	[93.23%,	93.58%]	 3213	 49662			5	year	 89.13%	[88.87%,	89.39%]	 1707	 25964			10	year	 79.70%	[79.06%,	80.34%]	 1285	 3013	







material 				 Survival	 N	events	 N	at	risk	
No	core/post	within	90	days			0	year	 —	 —	 161876			1	year	 97.35%	[97.27%,	97.43%]	 3749	 120517			3	year	 92.57%	[92.42%,	92.73%]	 4684	 69244			5	year	 88.68%	[88.47%,	88.90%]	 2293	 40054			10	year	 80.74%	[80.32%,	81.17%]	 1945	 7565	
























 	 Survival	 N	events	 N	at	risk	
No	crown	within	90	days			0	year	 —	 —	 316938			1	year	 97.76%	[97.70%,	97.81%]	 6182	 235694			3	year	 93.33%	[93.22%,	93.44%]	 8387	 134185			5	year	 89.47%	[89.31%,	89.62%]	 4325	 75602			10	year	 81.01%	[80.68%,	81.33%]	 3771	 12654	
































N	=	438487	 	 aHR	 95%	CI	 p-value	RC	provider			Other	provider	vs.	Endodontist	 	 1.308	 [1.271,	1.347]	 <	0.001	
Tooth	location			Pre-molar	vs.	Anterior	 	 1.044	 [1.001,	1.089]	 0.043			Molar	vs.	Anterior	 	 1.255	 [1.207,	1.305]	 <	0.001	Age			18-35	vs.	0-17	 	 1.385	 [1.267,	1.514]	 <	0.001			36-53	vs.	0-17	 	 1.602	 [1.471,	1.746]	 <	0.001			54-71	vs.	0-17	 	 2.055	 [1.885,	2.240]	 <	0.001			71+	vs.	0-17	 	 2.861	 [2.547,	3.215]	 <	0.001	Core/post	Core/post	within	90	days	vs.		No	core/post	within	90	days	 	 0.741	 [0.723,	0.760]	 <	0.001	
Crown			Crown	within	90	days	vs.		No	crown	within	90	days	 	 0.525	 [0.507,	0.542]	 <	0.001	
Table	9:	Multiple	Cox	proportional	hazards	regression	results.		Adjusted	


















6	possible	transitions		 	 							 to	
from															 	 root_canal				non_surgical_rt				surgical_rt				extraction	root_canal	 	 NA																 1	 	 2	 3	non_surgical_rt	 	 NA													 NA											 	 4	 5	surgical_rt	 	 NA															 NA											 	 NA	 6	extraction	 	 NA														 NA											 	 NA	 NA	
Observed	transition	frequencies:		 						to	
from													root_canal		non_surgical_rt			surgical_rt			extraction				no	event				total	entering	root_canal															0																								4030																					1935													25186									407336									438487	non_surgical_rt						0																											0																										117																422															3491												4030	surgical_rt	 					0																											0																													0																			279														1773												2052	extraction	 					0																											0																													0																						0															25887											25887	
Observed	transition	Proportions	
	 						to	
from																				root_canal								non_surgical_rt			surgical_rt												extraction									no	event	root_canal												0.000000000				0.009190694						0.004412902						0.057438419			0.928957985	non_surgical_rt		0.000000000					0.000000000						0.029032258						0.104714640			0.866253102	surgical_rt											0.000000000					0.000000000						0.000000000						0.135964912			0.864035088	extraction												0.000000000					0.000000000						0.000000000						0.000000000			1.000000000 
Figure	9:	Multi-state	model	created	using	the	‘m-state’	R	package	with	6	
transitions	between	failure	states	(no	failure,	nonsurgical	retreatment,	surgical	
retreatment,	extraction)	
 
 
 Of	the	438,487	teeth	that	had	initial	NS-RCT,	407,336	had	no	subsequent	event,	25,186	were	extracted,	4,030	were	retreated	non-surgically	and	1,935	were	retreated	surgically	(Figure	9).		Of	the	4,030	teeth	that	were	retreated	non-surgically,	3,491	had	no	subsequent	event,	422	were	extracted,	and	117	were	surgically	retreated.		Of	the	2,052	teeth	that	were	treated	surgically,	1,773	had	no	subsequent	event	while	279	were	extracted.	The	cumulative	hazard	plot	showed	these	transitions	over	a	12-year	period	(Figure	9,10).		Teeth	that	were	retreated	surgically	or	non-surgically	were	more	likely	to	be	extracted	than	teeth	that	did	not	have	such	an	intervention.		Teeth	were	
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more	likely	to	be	extracted	than	retreated.	Teeth	were	more	likely	to	be	retreated	non-surgically	than	surgically.		If	a	tooth	had	a	nonsurgical	retreatment	and	then	subsequently	had	a	surgical	retreatment,	then	it	was	more	likely	that	the	surgical	intervention	occurred	during	the	first	year	of	treatment.		
	
Figure	10:	Transitions	between	failure	states	in	the	multi-state	model	(no	
failure,	nonsurgical	retreatment,	surgical	retreatment,	extraction)	based	on	
time 		
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The	cumulative	hazard	plots	demonstrate	the	time	to	the	transition	state	based	on	initial	provider	type	with	endodontists	represented	in	black	and	non-endodontists	in	red,	respectively	(Figure	11).	A	tooth	that	was	treated	by	a	non-endodontist	was	more	likely	to	undergo	nonsurgical	retreatment	or	extraction	than	if	the	initial	therapy	was	provided	by	an	endodontist.		The	transitions	of	nonsurgical	retreatment	to	surgical	retreatment,	nonsurgical	retreatment	to	extraction,	and	surgical	retreatment	to	extraction	based	on	the	different	provider	types	yielded	confidence	intervals	with	too	much	overlap	to	make	any	conclusions	(Figure	11).			
Figure	11:	Cumulative	hazard	plot	demonstrating	time	to	the	transition	state	
based	on	initial	provider	type	(endodontist	black,	other	red) 
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	The	plot	of	transition	probabilities	demonstrates	that	most	teeth	that	were	treated	by	NS-RCT	had	no	subsequent	treatment	interventions	at	the	end	of	the	10-year	follow-up	period	(Figure	12).		However,	if	an	intervention	is	going	to	occur,	the	probability	is	higher	that	it	will	be	an	extraction	compared	to	a	retreatment.		When	comparing	a	non-endodontist	to	an	endodontist	the	probability	of	a	tooth	being	retreated	or	extracted	is	higher	if	the	initial	provider	was	not	an	endodontist	(Figure	13).	 	
	
Figure	12:	Plot	of	transition	probabilities	of	endodontically	treated	teeth	
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Figure	13:	Plot	of	transition	probabilities	of	endodontically	treated	teeth	
based	on	provider	type	
			
DISCUSSION				 The	primary	objectives	of	this	study	were	to	evaluate	the	factors	that	affect	endodontic	success	and	to	further	understand	the	impact	the	type	of	clinician	has	on	the	final	outcome	of	a	tooth	treated	with	NS-RCT.		It	is	important	to	understand	what	impacts	endodontic	success	and	tooth	survival	so	that	the	clinician	can	best	practice	evidence-based	dentistry.		Understanding	true	outcomes	is	also	important	so	that	the	patients	can	have	proper	expectations	and	an	informed	consent	of	the	expected	results	of	their	treatment.	In	utilizing	the	Delta	Dental	of	Wisconsin	insurance	database,	this	study	had	access	to	a	very	large	patient	base,	but	there	are	obvious	limitations	in	such	insurance	studies.		This	study	lacks	patient	diversity	as	it	only	evaluates	patients	
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with	Delta	Dental	insurance	and	patients	without	it	may	be	in	a	different	demographic	group.		Also,	this	study	can	only	evaluate	the	data	submitted	to	Delta	Dental	and	if	information	is	not	submitted	or	improperly	coded,	then	that	will	not	be	represented	in	the	data.		As	patients	lose	their	Delta	Dental	insurance	coverage,	they	are	no	longer	followed	in	this	study	and	any	subsequent	interventions	to	the	teeth	cannot	be	recorded.		There	were	a	rather	large	percentage	of	patients	that	were	lost	during	the	follow-up	period	because	their	dental	insurance	coverage	changed,	which	impacts	the	validity	of	the	data.	In	retrospective	insurance	studies,	there	is	not	a	way	to	have	standardization	of	the	providers	or	attempt	to	understand	the	rationale	for	a	treatment	decision.		They	cannot	provide	insight	into	the	quality	of	treatment	provided	or	if	proper	techniques	were	followed.		The	inability	to	understand	the	rationale	for	treatment	can	underestimate	survival	as	providers	may	be	extracting	teeth	that	are	otherwise	restorable	or	choosing	not	to	retreat	a	tooth	that	may	have	a	good	chance	of	success	in	favor	of	an	implant.		It	is	also	impossible	to	consider	additional	factors	that	may	affect	the	survival	such	as	the	periodontal	health	of	the	patient,	pulpal	and	periradicular	diagnosis	of	the	tooth	prior	to	treatment,	or	remaining	tooth	structure	prior	to	treatment.		Additionally,	because	this	study	is	evaluating	survival,	the	teeth	in	this	study	that	have	survived	may	not	actually	be	a	true	successful	treatment.		This	would	be	the	case	in	instances	that	the	teeth	could	have	lesions	associated	with	them,	causing	the	patients	pain,	or	be	non-restorable.		Also,	tooth	loss	can	occur	unrelated	to	endodontic	reasons.	
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	 However,	even	though	there	are	limitations	regarding	this	study,	there	are	multiple	benefits	that	allow	the	study	to	yield	meaningful	information.		By	having	access	to	the	Delta	Dental	of	Wisconsin’s	entire	database,	this	study	has	a	very	large	study	population.		This	large	study	population	allows	the	statistical	analysis	to	detect	minor	departures	from	the	null.		The	immense	dataset	can	minimize	the	effects	of	variations	in	treatment	or	providers.		It	also	provides	a	way	to	study	tooth	survival	and	true	outcomes	of	teeth	treated	by	NS-RCT	in	the	real	world.		Many	studies	are	performed	in	residency	programs	or	evaluating	a	handful	of	private	practices,	where	there	is	a	limitation	as	it	is	only	representative	of	their	office	and	the	treatment	and	decisions	by	their	referring	dentists	(4,45).		With	this	study,	we	have	access	to	the	true	outcome	of	teeth	treated	across	the	entire	state	of	Wisconsin	with	a	broad	variety	of	patients	and	providers.		Because	it	is	a	retrospective	study,	the	providers	are	unaware	that	they	are	taking	part	of	the	study	so	it	eliminates	that	form	of	treatment	bias.		This	allows	for	this	study	to	yield	real-world	outcomes	and	provide	information	as	to	the	treatment	being	provided	to	the	population	at	large.		 The	first	criteria	to	evaluate	in	this	study	are	the	case	selection	based	on	the	provider	type.		It	was	found	that	endodontists	are	performing	NS-RCT	on	more	premolars/molars,	on	older	patients,	and	having	significantly	fewer	cores	and	crowns	placed	in	a	timely	fashion.		Each	of	these	criteria	have	been	previously	established	as	being	significant	factors	in	the	survival	of	endodontically	treated	teeth	(5,29,77).		Based	on	the	case	selection	represented	in	this	study,	which	is	representative	of	a	typical	private	practice,	the	teeth	endodontists	are	treating	have	a	higher	predisposition	to	failure	just	based	on	tooth	type	and	patient	age	(78).		In	
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addition,	according	to	Yee,	the	failure	rates	of	endodontically	treated	teeth	were	greater	when	the	core	is	not	placed	within	60	days	(29).		This	could	be	from	bacterial	contamination	of	the	temporary	filling	or	of	a	catastrophic	fracture	of	the	tooth	while	in	a	weakened	state	(67,69).		When	an	endodontist	performed	the	root	canal	therapy,	the	patients	had	cores	placed	within	90	days	8%	less	than	if	a	general	dentist	performed	the	initial	NS-RCT.		This	is	a	significant	difference	and	can	impact	the	success	of	the	endodontic	therapy.		It	is	important	for	endodontists	to	emphasize	the	need	for	a	prompt	final	restoration	by	the	referring	dentist,	or	to	consider	placing	the	core	at	the	time	of	the	completion	of	the	endodontic	therapy.		It	is	interesting	to	note	that	only	26-28%	of	patients	had	a	crown	placed	90	days	after	root	canal	therapy.		This	can	be	due	to	lack	of	finances,	inability	to	get	prompt	care	by	the	referring	dentist,	persisting	symptoms,	or	other	factors.	However	this	study	found	that	the	presence	of	a	crown	within	90	days	of	NS-RCT	had	the	greatest	impact	on	decreasing	tooth	extraction.		This	is	in	agreement	with	Aquilino	who	found	that	teeth	that	were	not	crowned	were	lost	at	a	rate	six	times	teeth	with	a	fixed	restoration	(75).		 However,	this	study	did	demonstrate	success	rates	of	nonsurgical	root	canal	therapy	consistent	with	previous	studies		(14,15,16,17).		Even	though	endodontists	are	treating	the	more	challenging	and	compromised	cases,	at	ten	years,	the	teeth	treated	by	endodontists	had	a	85%	survival	while	the	teeth	treated	by	non-endodontists	had	a	survival	rate	of	82%.		The	success	for	all	providers	in	this	study	decreased	with	multi-rooted	teeth,	as	patient	age	increased,	and	with	the	lack	of	a	core	and	crown	placed	within	90	days.	
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	 In	corroboration	with	previous	studies,	premolars	and	molars	were	shown	to	have	a	decreased	survival	compared	to	anterior	teeth	(5).		It	is	more	common	for	multi-rooted	teeth	to	have	isthmuses,	lateral	canals,	accessory	canals	and	other	areas	that	providers	will	not	be	able	to	fully	chemo-mechanically	debride	(13,79).		Posterior	teeth	are	also	subject	to	more	occlusal	forces	and	are	more	likely	to	have	fractures,	which	increase	the	likelihood	of	tooth	extraction	(80).		Along	with	tooth	type	decreasing	tooth	survival,	patient	age	had	a	similar	effect.	As	patients	age,	teeth	become	more	calcified,	which	can	increase	the	difficulty	of	the	treatment.		There	is	also	an	increase	in	prior	caries	and	restorations	that	can	weaken	the	teeth	over	time.		With	older	patients,	their	teeth	have	had	to	withstand	more	forces	and	thus	would	have	a	higher	predisposition	to	cracks	and	fractures	(80).		The	risk	of	periodontal	disease	increases	with	age,	which	also	will	impact	the	survival	of	teeth	treated	in	the	older	age	groups.		Tooth	loss	may	not	be	of	endodontic	origin	in	these	situations,	but	it	is	still	useful	for	being	able	to	give	a	more	informed	prognosis	for	these	patients	(81).	The	multi-state	analysis	investigated	each	of	the	different	transition	states	that	can	occur	subsequent	to	endodontic	therapy.		When	there	was	an	intervention	after	NS-RCT,	most	often	the	tooth	was	extracted	but	if	it	was	retreated,	there	was	a	greater	likelihood	of	a	nonsurgical	retreatment	than	a	surgical	retreatment.		Extracting	endodontically	treated	teeth	may	be	due	to	non-restorability,	patient	finances,	crown	or	root	fractures,	or	provider	philosophy.		Clinicians	may	lack	confidence	in	the	success	of	retreatment	therapy	leading	to	increased	pressure	to	replace	‘failed’	endodontically	treated	teeth	with	implants	(82).		However,	Kim	
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found	that	after	primary	endodontic	failure,	the	most	cost-effective	treatment	was	microsurgery.		This	was	followed	by	nonsurgical	retreatment,	then	extraction	and	fixed	partial	denture,	and	the	least	cost	effective	treatment	was	a	single	unit	implant	(83).		Nonsurgical	retreatment	should	be	considered	as	the	first	line	treatment	for	an	endodontic	failure	if	the	tooth	is	restorable	(4,43,45).		The	multi-state	analysis	found	that	teeth	non-surgically	retreated	or	surgically	retreated	had	similar	probabilities	of	being	extracted,	which	was	much	higher	than	teeth	that	did	not	have	secondary	treatment	after	the	NS-RCT.			In	a	recent	survey,	nearly	50%	of	active	endodontists	in	the	United	States	felt	that	they	did	not	receive	adequate	instruction	on	microsurgical	technique	during	their	residency	(84).		This	can	result	in	providers	more	often	electing	to	either	non-surgically	retreat	an	endodontic	failure	or	to	recommend	extraction	based	on	their	comfort	level.		In	situations	where	the	canal	morphology	was	altered	during	the	endodontic	therapy,	the	success	of	the	retreatment	dropped	to	47%	(43).		In	these	situations,	endodontic	microsurgery	is	a	more	predictable	and	successful	option	for	treatment	(83).		With	the	cost-effectiveness	in	mind,	it	is	imperative	that	endodontists	become	adequately	trained	in	endodontic	microsurgery	in	order	to	feel	comfortable	and	confident	providing	such	treatment	options	with	the	best	prognosis	for	their	patients.	When	a	tooth	was	retreated	non-surgically	followed	up	by	surgically,	this	intervention	occurred	much	more	likely	in	the	first	year	after	the	nonsurgical	retreatment.	This	corroborates	the	findings	of	Salehrabi	and	Rotstein	who	found	that	such	intervention	usually	occurred	soon	after	the	retreatment	(6).		Such	
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therapy	could	be	explained	by	an	iatrogenic	event	during	treatment	or	poor	treatment	planning	by	opting	for	a	nonsurgical	retreatment	when	the	clinician	would	not	be	able	to	address	the	etiology	of	the	problem	(43).		This	would	force	the	clinician	to	provide	a	surgical	intervention	in	situations	of	persisting	signs/symptoms,	suspected	presence	of	a	cyst,	root	fracture	or	other	unspecified	reasons.		However,	due	to	the	limitations	of	the	study,	the	rationale	for	such	treatment	is	unknown.	
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CONCLUSION	Within	the	constraints	and	limitations	of	this	study,	it	was	concluded	that	endodontists	are	more	often	treating	the	types	of	teeth	that	have	been	shown	to	have	decreased	long-term	survival.		Patients	having	NS-RCT	performed	by	endodontists	are	also	not	having	their	final	restorations	placed	in	a	prudent	time	frame	as	often	compared	to	if	a	different	provider	completed	the	NS-RCT.		Provider	type,	patient	age,	tooth	type,	and	restoration	after	root	canal	therapy	were	all	significantly	associated	with	tooth	survival.		The	multi-state	analysis	provides	a	useful	way	to	evaluate	the	trends	of	the	different	transitions	that	can	occur	to	a	tooth	in	its	lifetime	and	give	insight	into	true	outcomes.															
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